Lewes, East Sussex, BN7 1LG). The reagent has been used manually to measure chloride ions in serum" and its use in continuous-flow automated methods has also been reportedv" where it was compared to an automated method using mercuric thiocyanate.
The displacement of thiocyanate from mercuric thiocyanate by chloride ion-has formed the basis of the automated continuous flow analysis of chloride in plasma for some years.P This paper presents the results obtained using an alternative reagent for the automated analysis of plasma chloride. This reagent proved to be very sensitive and was also used manually to estimate the low concentrations of chloride present in sweat samples.
The basis of this alternative reagent is the formation of mercuric chloride when chloride ion is added to a solution containing a mercuric complex with 2,4,6-(2-pyridyl)-1,3,5-triazine in the presence of ferrous ion. When chloride ion combines with the mercuric ion to produce soluble undissociated mercuric chloride the 2,4,6-(2-pyridyl)-1,3,5-triazine released combines with the ferrous ion in solution to produce a blue-coloured complex.
Interest in an alternative chloride reagent was stimulated by dissatisfaction with the automated mercuric thiocyanate method. To conform with calibration techniques already in use for the auto-Materials and methods mated analysis of other components of the routine electrolyte profile, a method was required which COULOMETRIC ANALYSIS would be linear, not only over the range of clinical Coulometric titrations for the analysis of plasma values normally encountered but also from zero chloride were performed on the Radiometer CMTIO chloride concentration up to that range. Attempts to chloride titrator (Radiometer, Copenhagen, Denset up an automated chloride analysis using mercuric mark) using 20 !Ll of serum or standard. The instruthiocyanate were abandoned because the linearity ment was calibrated with aqueous chloride solutions of the method was not reproducible from day to day of 75, 100, and 125 mmol/l at the beginning of each and its use would have entailed setting up a unique batch, and this calibration was checked at the end of chloride chemistry calibration procedure. each batch. After every five samples the 100 mmol/l Initial interest in the use of mercuric 2,4,6-tri-standard was analysed as a within-batch calibration (2-pyridyl)-1,3,5-triazine to measure chloride was check. An aqueous solution of sodium bromide prompted by its appearance in a reagent manual for (50 mmol/l) was also assayed to assess bromide the Prisma instrument, which is a discrete clinical interference. 245
Holder AUTOANALYSER METHOD
The flow diagram for this method is shown in Figure 1 . A Technicon proportioning pump fitted with an airbar, a Technicon sampler, and Technicon pump tubes and manifold components were used (Technicon Instruments Co Ltd, New York, USA). The final colour was measured in a Chemlab colorimeter (Chemlab Instruments Ltd, Ilford, Essex) at 600 nm. The colorimeter was connected via an interface to both a potentiometric flatbed recorder and to an analogue-to-digital converter within a mini-computer. The latter provided on-line data aquisition and computed the final results on the basis of a two-point calibration (baseline and standard). The method was calibrated using commercially available freeze-dried human serum. The chloride value assigned to this serum was estimated coulometrically as outlined previously. Samples were analysed in batches of 30; a standard was sampled after every five tests to assess drift on the initial calibration. Samples were analysed at 60 per hour with a sample to wash ratio of 5: 1. Aqueous samples containing approximately twice the highest pathological level of other commonly measured serum constituents were analysed in addition to aqueous solutions of salicylate, barbiturate, paracetamol, and bromide. Reagents for the Auto Analyzer were prepared as follows:
I Diluent; Tween-20 (1 ml) in distilled water (5 litres). 2 Mercuric nitrate; mercuric nitrate monohydrate (750 mg) was dissolved in nitric acid (3 ml of 0·5M). When totally dissolved the solution was made up to 100ml with distilled water. 3 TPTZ reagent; 2,4,6-tri-(2-pyridyl)-1,3,5-triazine (156 mg) was dissolved in nitric acid (4·8 ml M HN0 3 ) and made up to 20 ml with distilled water. 4 Ferrous sulphate; ammonium ferrous sulphate hexahydrate (196 mg) was dissolved in distilled water (80 rnI). 5 Working chloride reagent; Solution-3 (20 ml) and Solution-4 (80 ml) were added to distilled water (800 ml). Tween-20 (2 drops) was added as well as sufficient Solution-2 (about 9 ml) to give the final solution an absorbance of between 0·25 and 0·30 in a 1 em cell at 600 nm. The Record..r solution was stored away from direct light in a dark bottle and was stable at room temperature for at least a week.
Tween-20 was obtained from Sigma (Sigma Chemical Co Ltd, Poole, Dorset). All other chemicals were obtained from BDH (BDH Chemicals, Poole, Dorset) and, with the exception of the 2,4,6-tri-(2pyridyl)-1,3,5-triazine, were of Analar grade.
SWEAT COLLECTION
The analysis of the sodium and chloride content of sweat is a well-established tool used in the diagnosis of cystic fibrosis. Pilocarpine iontophoresis was used to induce sweating in the forearm." The sweat was collected onto a preweighed 'sodium chloride free' filter paper. The weight of sweat collected was measured, and the sweat was extracted into distilled water (2 ml). This extract was analysed for sodium and chloride content.
ION-SPECIFIC CHLORIDE ELECTRODE ANALYSES
The skin chloride electrode, Orion Model 417 (Orion Company; distributed in the UK by MSE Scientific Instruments) was used to measure directly the chloride content of the sweat extract. The electrode was calibrated with aqueous solutions of chloride containing 1 mmol/l and 10 mmol/I using the range expansion facility on the instrument. The concentration of chloride in the extract was then read directly from the meter. The concentration of chloride in the original sweat sample was determined by calculation.
MANUAL ANALYSIS OF CHLORIDE IN SWEAT

ELUTIONS
Working chloride reagent (Solution 5) was used for these analyses. Sweat extract (100 ILl) was added to working chloride reagent (4 ml), mixed, and then left to stand at room temperature for 10 minutes. The method was calibrated by treating distilled water (blank) and an aqueous 2·5 mmol/I chloride solution in the same way. Absorbances were read at 600 om (in 1 cm cells) against the blank solution. The final colour was stable at room temperature for at least 1 hour after the addition of sample. All analyses were performed in duplicate.
Results
samples, two each of a low, medium, and high control. The results obtained by both methods showed good agreement ( Fig. 2 and Table I ) with a correlation coefficient of 0·994 for 120 samples.
Both methods showed interference from bromide on a one-for-one basis (ie, 50 mmol/l of bromide gave an apparent 'chloride' of 50 mmol/I). No interference was found from aqueous solutions containing pathologically high levels of glucose, urea, uric acid, phosphate, creatinine, bicarbonate, ferric ion, calcium, paracetamol, barbiturate, and salicylate.
The results obtained from control serum samples analysed by both methods are summarised in Table 2 and are further evidence of the good agreement between the two methods.
A typical chart recording of the automated method (Fig. 3) shows linearity up to 150 mmol/l of chloride (using aqueous solutions). This chart recording also shows examples of steady state, replication, and carryover interaction between serum samples. In addition, ten carryover experiments Plasma chlaride (mmol/l J assayed by automatic mercuric-TPTZ Fig. 2 Comparison ofplasma chloride results obtained by coulometric and automated analyses. The line y = x is shown for comparison. Statistical analysis of these results is given in Table 1 . Twenty-three sweat samples were analysed by both methods in four batches over an eight-week period. The results obtained by both methods showed good agreement ( Fig. 4 and Table 4 ) with a correlation coefficient of 0 .971. The mercuric-TPTZ manual method was found to be linear from zero to 10 mmol/l, with typical absorbances of 0·54 and 2·16 for the 2·5 mmol/l and 10 mmol/l standards, respectively. mately 2·5 % lower than those obtained with the routine serum calibrant, indicating a 97·5 %recovery of chloride ion from serum.
The reagent described can be easily adapted to measure plasma chlorides in a continuous-flow
...
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carried out in accordance with the method of Broughton et al. 7 The results are summarised in Table 3 and show a mean carryover of 1· 6 % for the automated method run at 60 samples per hour with a sample to wash ratio of 5:l. Calibration of the automated method against aqueous chloride standards gave readings approxi- system. Using the method described, precision and accuracy are acceptable and compare well with the coulometric procedure. Bromide interferes with the automated method but it also interferes with the coulometric procedure and with the mercuric thiocyanate method.! 8 Its main advantage over the thiocyanate method is its consistent linearity to a value in excess of 150 mmol/l, which more than accounts for the range of values found in clinical practice. This reproducible linearity allowed the automated analysis of chlorides to use the same twopoint calibration procedure routinely employed for other electrolyte analyses.
Manual use of this reagent to measure small amounts of chloride also gave excellent results. The sensitivity of the reagent could potentially lead to problems with contamination, and it is recommended that manual assays using this reagent be carried out in duplicate.
In conclusion, this reagent can be used to provide accurate and reproducible methods for the estimation of chloride in serum or sweat. Furthermore, with suitable manipulation of sample to reagent volume ratios, this same reagent could be used to measure a wide range of chloride values. It could therefore have wider use not only in the clinical field but also in other analytical disciplines. I wish to thank Mr R Daley (of Boehringer Corporation Ltd, Lewes, East Sussex), who supplied the initial information on the preparation of the mercuric-TPTZ reagent, and Mrs Dorothy Gardner, who collected the sweat samples and carried out the chloride electrode analyses.
